Introduction
Over 75% of the total population experiences at least one episode of low back pain (LBP) during their lifetime, and its annual prevalence has been reported to be 15%-45% [1] . In the Korea National Health and Nutrition Examination Survey in 2007, 15 .4% of adults aged 20-89 years reported experiencing LBP, and 5.7% reported having chronic LBP (CLBP) that lasted for more than three months during the past year. An estimated 2,060,829 Koreans experienced CLBP in 2007, which is an incidence much higher than that observed in other chronic diseases [2] .
Freynhagen and Baron reported that 20%-35% of patients with LBP reported accompanying neuropathic pain (NP) [3] . The International Association for the Study of Pain defined NP as pain initiated or caused by a primary lesion or dysfunction in the nervous system [4] . NP occurs when normal inflammatory responses are directed toward the body in a harmful manner [5] . The normal function of the inflammatory response is to remove damaged nerves, promote nerve regeneration, and deliver inflammatory chemokines to neuronal cell bodies, thereby stimulating proximal nociceptors and causing pain without tissue damage [6] . NP can arise from the overstimulation of pain-transmitting neuronal cell bodies and the structural alteration of synapses in the cornu of the spinal cord, interneurons, and glial cells, resulting in the development of chronic pain [5] . The characteristic clinical symptoms of NP are continuous or spontaneously provoked pain [7] . Sometimes, the pain is accompanied by sensations of burning, soreness, stinging, tingling, and hypoesthesia or dysesthesia due to neural damage [7] . Motor paralysis, cramping, and other symptoms of the autonomic nervous system have also been observed to accompany pain in damaged areas [7] .
Recently, there have been various reports on the impact of chronic and refractory NP on the quality of life (QoL) and dysfunction. One review reported that NP had a negative effect on the QoL, which became more aggravated as NP became more severe [8] . Further, when NP accompanied various diseases, such as diabetes [9] , spinal cord injury [10] , and cancer [11] , various aspects of the QoL were negatively affected. While the pain itself reduces the QoL, the dysfunction caused by this pain affects depression and the QoL [12] . In particular, CLBP causes a high absenteeism rate from work due to dysfunction; further, it shows a low cure rate and high relapse rate [13] .
The early diagnosis of NP and active pain control are essential for the QoL and functional improvement of patients with CLBP. However, there has been no consensus regarding the definition of NP and its diagnostic criteria in patients with CLBP. Further, there have been no data regarding the prevalence of NP in Korean patients with CLBP, their QoL, or the level of dysfunction. Therefore, the purpose of this study was to quantify these characteristics.
Materials and Methods

Subject recruitment
This was a noninterventional, multicenter, cross-sectional observational study conducted in the orthopedic surgery and neurosurgery departments of 27 general hospitals in Korea from December 2014 to May 2015. The inclusion criteria were as follows: (1) patients aged 20 years or older; (2) patients diagnosed with LBP due to herniated disc, stenosis, spondylosis, spondylolysis, spondylolisthesis, or degenerative disc disease, according to magnetic resonance imaging or computed tomography findings; (3) patients with LBP (pain or symptoms) lasting for at least three months; (4) patients with LBP rated as ≥4 of 10 points on a pain visual analog scale (VAS); (5) patients who received LBP-related drug therapy for over four weeks; and (6) patients who were able to understand and willing to complete the subject information sheet and informed consent form. The exclusion criteria as follows: (1) patients with LBP due to sprain, trauma, ankylosing spondylitis, myofascial pain, or sacroiliitis; (2) patients with LBP rated as <4 points on the VAS; (3) patients with LBP lasting for less than three months; (4) patients who had undergone any surgery within the past three months; (5) patients participating in another clinical study (interventional study); (6) patients with a critical or unstable health condition; or (7) patients otherwise determined unfit for inclusion or analysis by clinicians. A total of 1,200 patients who met the selection criteria were included.
Sample size estimation
A target sample size was estimated based on the assumption that the prevalence of neuropathic LBP (NLBP) is 37% [14] . With a significance level of 0.05 and an estimated error rate of 2.8%, the required number of patients to be enrolled was calculated to be approximately 1,200: n=z 21−α/2 P (1−P)/d 2 [15] (P=0.37; z 21−α/2 =1.96 2 , when α is 0.05; d=0.028).
Study data
Study data were collected from patient medical records and patient surveys with a questionnaire. Medical chart reviews were conducted to collect demographic characteristics (age, sex, height, and body weight), clinical characteristics (diagnosis of LBP, comorbidities, symptom period, VAS scores, and The Quebec Task Force Classification for Spinal Disorders [QTFC-SD]), pain control state (pharmacotherapy and surgery), and diagnosis of NP. NLBP as a NP group was defined as a score of ≥4 points on the douleur neuropathique 4 (DN4) questionnaire, which is a set of four questions on sensory descriptors and signs associated with sensory examination and has a total score range of 0 to 10 points [16] . This questionnaire is simple and includes discriminant items requiring yes or no responses. Two questions (I and II) are based on the patient's interview and the other questions (III and IV) are grounded on a standardized clinical examination [16] . QTFC-SD was mainly designed to be practical and comprised six questions. Patient classification for each question is as follows: Q1, patients who reported only back pain; Q2, patients without neurologic findings but reporting pain extend above the knee only; Q3, those with pain extending to the calf or foot; Q4, patients with pain traveling to the leg and positive neurologic findings; Q5, patients meeting criteria for Q4 and having lumbar disc disease with nerve root compression on conducting an imaging study; and Q6, those diagnosed with spinal stenosis regardless of having lumbar disc disease [17] .
The QoL and degree of dysfunction were evaluated through self-administered questionnaires. The QoL was assessed with the EuroQoL 5-dimension (EQ-5D) questionnaire and EQ-VAS; higher scores imply a higher QoL in both tools (EQ-5D, −0.229-1 point; EQ-VAS, 0-100 points). The EQ-5D was composed of a total of five questions, and the scale used in the health state description part had three levels: having no problems, having some or moderate problems, and being unable to do/having extreme problems. The rated level could be coded as a number: 1, having no problems; 2, having some problems; and 3, having extreme problems. The measured EQ-5D items were converted to scores [18] using the following equation:
Final EQ-5D score [18] 
The degree of dysfunction was measured using the Quebec Back Pain Disability Scale (QBPDS), which is composed of 20 questions with a scale of 0 to 5 for each question and a total score ranging from 0 to 100 points. A higher score indicates more severe dysfunction (for more information about the QBPDS, see the footnote in Fig. 1 ).
Study ethics
The patients (or their legal representatives) were provided with all study-related information, and they signed an informed consent form. All participating medical institutions obtained approval from their respective institutional review boards. p<0.05.
Statistical analysis
ables with p-values of <0.1 in bivariate analyses were selected for adjustment in the multivariable model. All statistical analyses were performed using the SAS software, version 9.4 (SAS Institute, Inc., Cary, NC, USA), and twotailed p-values less than 0.05 were considered statistically significant.
Results
Characteristics of patients with CLBP
The mean age of the patients was 63.4±13.0 years. Most patients (65.7%) were females and 702 (58.5%) had one or more comorbidities. The most common comorbidity was hypertension (44.1%); this was followed by diabetes (19.5%). Rheumatoid arthritis (3.2%) was the least frequent comorbidity. The mean pain VAS score in patients with CLBP was 6 points. The mean duration of pain was four years and two months, and the mean duration of disease after diagnosis was one year and five months. The most frequently diagnosed condition was stenosis (47%), and the most frequent pain type identified by the QTFC-SD was pain with distal extremity radiation (40%; Table 1 ).
NP prevalence in patients with CLBP
The mean DN4 score was 3.4±2.0 points. Among the subitems, the most common response was "pain related with tingling symptoms in the same area (22.4%)" (Fig. 2) . The NP prevalence was 41% (95% confidence interval, 38.2%-43.8%). NP was more prevalent in males. Among the QTFC-SD items, the proportions of patients with radiating pain and NP were higher than those of patients with other types of pain. Patients with severe pain (VAS scores, 7-10) had a higher prevalence of NP than those with moderate pain (VAS scores, 4-6) ( Table 2) . Multiple responses item.
QoL and dysfunction in patients with CLBP
The mean EQ-5D, EQ-VAS, and QBPDS scores in patients with CLBP were 0.5±0.3, 55.7±19.4, and 40.4±21.1 points, respectively. Between the NP and non-NP groups, significant mean differences were found in the EQ-5D (Fig. 3) . The percentages of patients with NP who Values given as mean±standard deviation. Multiple responses item. was the highest in item 12: Run one block (approximately 100 m; 15.0%) followed by item 20, moving heavy travel luggage (56.2%). Item 13, taking out foods from the refrigerator (7.3%), showed the lowest proportion. The responses to the QBPDS questionnaire are summarized in Fig. 1B . After adjustment with confounding variables, the NP group had significantly lower EQ-5D (β=−0.1; p<0.01) and significantly higher QBPDS (β=7.0; p<0.01) scores than the non-NP group. While there was no significant difference in the EQ-VAS scores between the two groups, the EQ-VAS score was lower in the NP group than in the non-NP group (β=−2.6; p=0.059) ( Table 3) .
Discussion
This study revealed a high NP prevalence (41.0%) based on the DN4 questionnaire in Korean patients with CLBP. Similar results have been identified in other studies. In Turkey, NP prevalence in patients with CLBP was 39.4% in 2014 as measured by the Leeds Assessment of Neuroanswered level 3 (a lot of problems) in each dimension of EQ-5D were pain/discomfort (36.2%), anxiety/depression (10.7%), usual activities (10.5%), mobility (5.0%), and self-care (4.1%) (Fig. 1A) . In the NP group, the proportion of patients who responded "I was very uncomfortable or unable to do any activity in each item of the QBPDS" Multiple responses item. [19] , and a multicenter study in Saudi Arabia found a prevalence of 54.7%, also measured by the LANSS [20] . In a multicenter Japanese study of patients with spinal disorder having chronic pain, the prevalence of NP was 53.3%, as assessed by an NP screening questionnaire [21] ; this study included assessments of lumbar/sacral and cervical levels. If cervical and thoracic levels were also considered for our patients, a higher NLBP prevalence would have been obtained. An American study using the PharMetrics IMS LifeLinkTM US Claims Database (2006 Database ( -2008 found an NLBP prevalence of 90.4% based on ICD-9 codes, indicating that almost all patients with CLBP had NP [22] . Given the substantial differences in the methods of diagnosis for NP, direct comparisons with the prevalence of NLBP reported in other studies are limited. Numerous factors increased NP prevalence in patients with CLBP. There was a higher prevalence of NP in males in the present study. This is because men tended to spend a longer time at work [23] . The prevalence of NP in the young population was higher than in patients aged 65 years and older, which is similar to the findings of Sakai et al. [24] Inflammation and chronic obstructive pulmonary disease, in particular, increased NP prevalence, suggesting that patients with low immunity or abnormal immune status are more prone to NP [25] . Regarding the primary diagnosis, NP was common in patients with spondylolysis, herniated disc, and degenerative disc disease, which suggests that diseases that directly damage the nerves have a higher NP incidence. Of the types of pain assessed by the QTFC-SD, there was a higher prevalence of NP in patients who reported radiating pain. Further, it seems that items in the QTFC-SD that are related to pain in the lower limbs are more helpful for accurately diagnosing NP than items related to lower back pain [26] . As pain became more severe, NP prevalence increased, which was consistent with the results of a previous study [27] . Finally, as the disease duration increased, the severity of pain also increased, suggesting that early detection and treatment are vital for managing LBP.
In a study on the degree of dysfunction in 1,760 patients with CLBP using the QBPDS [28] , patients with CLBP had severe dysfunction with a mean score of 51.7±15.6 points, which was similar to the degree of dysfunction in the NLBP patients in our study. NP caused by a lesion or dysfunction affecting the nervous system [4] can increase pain and reduce physical activity [19, 29] .
Korean patients with CLBP had a much lower QoL than patients with other chronic diseases [18] . According to our study, patients with CLBP and NP have an even worse QoL than those without NP. Recent studies have reported that NP can adversely affect patients' overall QoL [30] because NP hampers functional movements and amplifies depression, which interferes with proper self-management and daily life [8] . It is reasonable to conclude that the combination of NP and CLBP leads to poorer outcomes than either condition by itself. Further, failures in early pain control measures or a lack of targeted treatment might have exacerbated outcomes in our patients.
Therefore, to administer the appropriate treatment and motor rehabilitation regimen for each individual that ultimately will restore normal functionality and improve the QoL, the underlying NP mechanism in patients with NLBP must be identified.
Clinical significance of this study
A large-scale epidemiologic study of 1,200 patients from 27 general hospitals was conducted to investigate NP prevalence in adults with CLBP in Korea. To our knowledge, there have been no other similar studies conducted in a Korean population. The results of the QoL and degree of dysfunction surveys suggest that patients with CLBP should be screened for NP and that the choice of therapy should be based on the underlying NP mechanism.
Limitations of this study
There are several limitations. One is various disease categories that we included, such as LBP and radiculopathy, which might have confounded the results. Further, because this is a cross-sectional study, we were unable to evaluate the temporal and causal relationships between patient characteristics and NP prevalence.
Conclusions
NP was highly prevalent in Korean patients with CLBP. In particular, NP prevalence was higher in males and in patients who had radiating and severe pain. In addition, patients with CLBP having NP had a lower QoL and more severe dysfunction than those without NP. Therefore, patients with such characteristics should be carefully examined for NP, and the underlying mechanism of NP should
